Autoimmune diseases seem to have strong genetic attributes, and are affected to some extent by shared susceptibility loci. The latter potentially amount to hundreds of candidate genes (CG), creating the need for a prioritization strategy in genetic association studies. To form such a strategy, 26 autoimmune-related CG were genotyped for a total of 72 single nucleotide polymorphisms (SNPs) in three distinct Israeli ethnic populations: Ashkenazi Jews, Sephardic Jews and Arabs. Four quantitative criteria reflecting population stratification were analyzed: allele frequencies, haplotype frequencies, the F st statistic for homozygotes distribution and linkage disequilibrium extents. According to the consequent interpopulation genomic diversity profiles, the genes were classified into conserved, intermediate and diversified gene groups. Our results demonstrate a correlation between the biological role of autoimmune-related CG and their interpopulation diversity profiles as classified by the different analyses. Annotation analysis suggests that genes more readily influenced by environmental conditions, such as immunological mediators, are 'population specific'. Conversely, genes showing genetic conservation across all populations are characterized by apoptotic and cleaving functions. We suggest a research strategy by which CG association studies should focus first on likely conserved gene categories, to increase the likelihood of attaining significant results and promote the development of gene-based therapies.
Introduction
Genetic studies indicate that particular susceptibility genes can contribute to several different autoimmune diseases, 1, 2 with three main findings supporting this premise. First, most autoimmune diseases are thought to result from dysregulation of key immune system elements; 3 Second, different autoimmune diseases tend to coaggregate in individuals, twins and/or their families; [4] [5] [6] Third, analysis of genome-wide linkage studies demonstrates that various autoimmune diseases share common susceptibility loci. [7] [8] [9] In particular, the major histocompatibility complex (MHC) region has been thoroughly investigated and associated to a range of clinically distinct autoimmune diseases. [10] [11] [12] Taken together, these findings suggest that collective groups of genes may contribute to development of clinically distinct autoimmune diseases. In addition, since autoimmunity as a whole is considered to be a multifactorial trait, identification of genetic factors common to a range of autoimmune diseases may help to define prospective drug targets with broad applicability to appropriate therapies.
Candidate gene (CG) association studies serve as the most feasible research strategy available to date for the establishment of genotype-phenotype correlations, given that whole genome association studies are still beyond the financial resources of the majority of research labs, and may remain as such in the near future. 13 The complex etiology ascribed to autoimmune diseases compels one to consider lists of hundreds of CGs involved in various pathways such as the immune response, apoptosis, cell cycle progression, cell differentiation and cell migration. 14 As a consequence, identifying and prioritizing all possible candidates into the selected subset that has the best chance of yielding significant results is an essential task in the design of research in this field.
A crucial issue in association studies is the risk of population stratification acting as a confounding factor due to ethnic admixture. Differences in allele frequency in various subgroups of the studied population may be falsely interpreted as evidence for association. 15 It has, therefore, been suggested to focus on relatively homogenous populations. 16, 17 However, even a seemingly homogeneous group may contain hidden subdivision and cryptic structure, which might confound results. A potential solution is focusing initial research efforts on regions showing genomic conservation across the studied populations. Deviation from these conservation patterns in affected subjects, which may be straightforwardly detectable in case-control studies, would then have a higher probability of indicating an involvement of the analyzed gene in the phenotype under study. Our research hypothesis in the present study is that the conservation profile of a gene correlates with its biological function and interactions with external factors. 18 Therefore, CGs may be categorized into biological function bins, a categorization that correlates with the conservation indices of these genes, and be prioritized accordingly.
We examined three distinct Israeli ethnic populations: Ashkenazi Jews, Sephardic Jews and Israeli Arabs. Although these groups are considered to share a relatively recent common ancestry, 19 each has been secluded from the others, as well as from other populations since separation. Ashkenazi Jews originate in North-Western Europe, dating back to at least the sixth century C.E. 20, 21 Sephardic Jews were established primarily in various North African countries and in the Iberian Peninsula in the course of the Muslim conquest in the seventh and eighth centuries. 20, 21 Israeli Arabs are essentially Moslem Arabs who descend from inhabitants of Israel, mainly Christians and Jews, who had converted after the Islamic conquest in the seventh century AD. 19 The unique genetics that each of these three populations has adopted during the course of history has been shown in previous genetic studies, 19, 22 and may be demonstrated via the disparity in prevalence of a range of diseases, such as colorectal cancer, 23 IDDM, 24 asthma 25 and coronary heart disease. 26 It should be noted that the above-mentioned populations share genomic similarities and were shown to be separated by a rather short genetic distance, especially when compared to Europeans or even to other more distant Jewish groups. 27, 28 This unique relationship between Israeli populations creates a background suitable for detection of genomic variations in defined regions. Investigating such regions may uncover genes that are more conserved across populations and less influenced by environmental conditions. In these genes, specific haplotypes may be indicated, which show a selective advantage over a large range of external influences.
To form a model system of a strategy for prioritizing non-MHC CGs of autoimmune diseases in multifactorial association studies, specific autoimmune-related CGs were genotyped in the three distinct Israeli ethnic populations described above, and analyzed by four quantitative criteria reflecting population stratification: allele frequencies; haplotype frequencies; the F st statistic for homozygotes distribution and linkage disequilibrium (LD) extents. According to the consequent conservation profiles, the genes were classified into conserved, intermediate and diversified gene groups. Based on our results, we suggest a research strategy by which CG association studies will focus first on interpopulation conserved genes, thus allowing one to select the appropriate CGs by minimizing confounding effects and performing fewer tests. Thus, a benefit is gained by reducing the impact of multiple testing, while increasing the likelihood of statistically significant results.
Results
A total of 26 CGs, which have been repeatedly related to autoimmune conditions, specifically of predominant cellmediated origin, such as Multiple Sclerosis, were genotyped for 72 SNPs in three Israeli ethnic populations (Table 1) 29 adjustment for multiple testing. The same result is observed when comparing Jews (combined population) with Arabs (Table 2 ). rs231770 shows borderline significance (P ¼ 0.066) in distinguishing between Jews and Israeli Arabs. These two SNPs map to the CTLA4 gene ( Figure 1 ), and are in LD with each other (see below). The CTLA4 gene in general, and rs231775 in particular, have been repeatedly linked and associated with a multitude of autoimmune conditions. [30] [31] [32] Moreover, this SNP is known to show diversified minor allele frequencies in healthy populations, including those examined in autoimmune susceptibility studies. 33 
Haplotype reconstruction
To facilitate the ensuing analyses, haplotypes were inferred using the PHASE software. 34 Haplotypes were successfully reconstructed in each ethnic group (with a minimum probability of 90%) for 22 of the genes, consisting of 2-6 SNPs per gene (see Table 1 ).
F st statistic calculations
To address the claim that certain genes show lower interpopulation diversity due to selective pressure, genes were surveyed to quantify such diversity using Wright's F st statistic 35 ( Figure 2 ). These results allowed us to classify the genes into three distinct groups. The proportion of variation that can be attributed to between-population variation is reflected in the genes that show high interpopulation diversity, for example, have high F st values (40.05) and Poo0.05 in all pairwise comparisons, as generated using 10 100 permutation tests. These will be termed 'highly diversified genes' hereafter. Genes showing insignificant haplotype frequency differences across all population tests will be termed 'highly conserved genes' hereafter. A common denominator to most of the 'highly diversified genes' is their immunological role, mostly acting as cytokines, or as nonspecific cytokine-receptor subunits, such as IL12RB1 and IL2RB (see Discussion for more detailed explanations). On the other hand, proteases and apoptotic factors, as well as pathway-specific cytokine-receptor subunits, such as IL12RB2 and IL2RA, are categorized as 'highly conserved genes' in all pair-wise comparisons conducted. These results support our hypothesis claim- Prioritizing autoimmune genes by genomic diversity I Grossman et al 495 ing that genes are subjected to different evolutionary constraints depending on their biological functions.
LD analysis LD analysis was carried out, with the intention of confirming the F st gene-by-gene results, as well as to find out whether in addition to marker-frequency deviation, the genomic structure of the selected CGs reflects similar diversity profiles. Taken together, these findings may indicate the enactment of differential evolutionary constraints on the tested genes. The extent of LD in human populations reflects their history and inter-relations. 36, 37 The three ethnic groups studied here were subjected to severe founder effects in the past, 22, 38, 39 and therefore are expected to maintain unique LD extents over long genetic distances in general. 40 We expect haplotype frequencies to differ between these populations in neutral genetic regions, reflecting their specific genetic history, which is essentially genetic drift. In contrast, regions subjected to restricting evolutionary selection are expected to display similar haplotype distributions in all populations, despite differences known to exist among these groups. Pair-wise LD was estimated for all the genes using the GOLD software. 41 Two measurements were used: D
2
-an LD quantifier, drawn from a probability distribution that results from the coalescent evolutionary process.
42 D 2 reflects how much power there is to detect LD, and can be accurately estimated even with low sample sizes; 43 and D 0 -an LD estimator reflecting historical recombination patterns. 44 Results of D 2 in two genes, CTLA-4 and CTSS, representing, respectively, the highly diversified and conserved gene groups, are presented in Figure 3 . As could be predicted, the extent of LD is inconsistent across populations in the CTLA-4 gene, but shows a great deal of similarity in the CTSS gene. The genetic diversity reflected in LD extents across all populations correlates with the F st statistic results ( Figure 2 ), both supporting our research claim.
LD levels seem to be smaller in Ashkenazi Jews than in both Sephardic Jews and Israeli Arabs (Figure 4a ), especially within short distances (0-5 kb). Significant LD (Po0.0005) is found in 30% (23/77) of the genespanning SNP pairs tested in Ashkenazi Jews, while it amounts to 55% (42/77) and 45% (35/77) of such pairs of SNPs in Sephardic Jews and Israeli Arabs, respectively. These data suggest that structural differences between these populations have accumulated during the course of history, possibly due to a higher rate of gene flow in Ashkenazi Jews as opposed to the other two populations. 45 Panel a of Figure 4 illustrates that Sephardic Jews and Israeli Arabs cannot be distinguished from one another in terms of LD structure for the entire set of genes and markers, at distances shorter than 10 kb. However, once genes are categorized into diversity groups, for example, diversified and conserved genes as previously defined by F st analysis ( distances ( Figure 4b , lower panel). It should be noted that these patterns cannot be attributed to differences in population sizes, since a very similar number of chromosomes were sampled in all populations, nor can it be attributed to the distribution of SNPs' functionality (synonymous, nonsynonymous, intronic SNPs, etc.), since the latter was found to be uniform in all the genes screened and is not expected to cause false categorization of genes in the conservation bins.
Haplotype diversity and distribution
To further corroborate the above results, haplotype frequencies were compared between pairs of populations. As shown in Figure 5 , statistically indistinguishable haplotype frequencies, after FDR 29 correction for multiple testing, are found in all three populations for six out of the 22 genes examined, all of which have been shown in our earlier analysis, defined by the F st statistic, as highly conserved genes. Six other genes show 'population-specific' haplotype frequencies, most of which appeared as highly diversified in the F st analysis. The remaining 10 genes are found to have similar haplotype frequencies in either one (five genes) or two (five genes) out of the three population-pair-wise comparisons conducted. The fact that the same genes appear to be conserved by three different criteria, that is, F st , LD and haplotype frequency analyses, gives heavier weight to the results and may indicate a differential evolutionary fate acting on genes by their biological function.
Interpopulation diversity index
In an attempt to produce a measure that would recapitulate the results attained by the previous analyses, we generated an index for each gene describing its interpopulation diversity characteristics. The index is calculated by averaging of the average pair-wise Pvalues obtained for the F st measure (Figure 6a) , and that obtained for the haplotype frequency analysis (Figure 6b ). Once genes are ordered by ascending index values, the two extremities of the distribution define three genegroups: genes with diversity indices below 0.03, which are highly diversified across populations; genes with diversity indices above 0.5, which are highly conserved Table 1 . This function is also illustrated in geometric and shaded symbols: Shade and shape biological function key: -cellular immune component;
-apoptotic receptor; -cytokine/receptor; -endocrine factor; -protease; -chemokine/ receptor; -autoantigen; -repair factor.
Prioritizing Figure 5 Correlation between pair-wise interpopulation haplotype frequency conservation and the biological role of genes. Genes whose haplotype frequencies are akin in two out of the three populations are shown in the field shared by the respective population circles, while genes whose haplotypes are common to all groups are in the middle white field. Genes whose haplotype frequencies are significantly 'population specific' are shown in the dotted box at the bottom. Genes are color and shape coded according to the functional role of their encoded products, as shown in Prioritizing autoimmune genes by genomic diversity I Grossman et al
Discussion
The major finding presented in this study is a classification of non-MHC cell-mediated autoimmune CGs into three gene groups of 'conserved', 'diversified' and 'intermediate'. This categorization seems to correlate with the biological function of these genes, as described below and summarized schematically in Figure 6 . We were able to uncover the different interpopulation diversity profiles of various CGs thanks to the APOE  IFNG  IL12RB1  IL1R1  IL2RB  SCYA5  CTLA4  MOG  VCAM1  MBP  ESR1  CCR3  CD86  IL12RB2  SPP1  IL2RA  SCYA3  MMP9  CD80  CASP1  CD95 
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Intermediate Genes APOE  IL2RB  IL12RB1  IFNG  CTLA4  SCYA5  IL1R1  ESR1  MOG  MBP  VCAM1  CD86  IL12RB2  CCR3  SPP1  SCYA3  IL2RA  MMP9  CD80  CASP1  CD95 Prioritizing autoimmune genes by genomic diversity I Grossman et al 499 well-characterized historic and genomic inter-relations known to exist between the various study populations. The populations tested in this project are known to exhibit different prevalence of autoimmune diseases, such as multiple sclerosis. 46 It may be argued that 'highly diversified genes' are likely to be involved in this 'population-specific' disease susceptibility, while the 'highly conserved' genes may play roles in other etiological aspects of the disease. Indeed, the suggested strategy may identify pan-ethnic genes involved in complex traits, but is unfit for detection of ethnic-specific genes or alleles. The interpopulation diversity profiles were consistently reproduced by several complementary analyses: single SNP frequencies, the F st statistic, LD and haplotype frequencies. Each methodology supports the other, yet provides additional information as to the unique genetics of each tested population and the genes that reflect it as opposed to the genes that do not. Thus, we demonstrate that the polymorphic structure, recombination gaps and homozygosity distributions all lead to the same conclusion. The interpopulation diversity profile that each gene group generates, and which may be summarized by an index measure (lower than 0.03 for highly diversified genes and higher than 0.5 for highly conserved ones), supports the claim that the biological role of a gene dictates its genomic conservation across populations.
Highly Conserved Genes
Association studies severely suffer from population stratification acting as a confounding factor due to population admixture. Moreover, power is highly sensitive to and dependent on the nature of the markers and their characteristics in the study's specific test population. In fact, the power is unknown a priori and can only be estimated by use of small preliminary pilot studies on a subgroup of a matched population. We propose a procedure that may assist in selecting and prioritizing CGs, given the above-mentioned limitations of association studies: focusing on CGs that show minimal interpopulation diversity, as measured by a variety of analyses, may serve as an efficient strategy to circumvent the confounding effect of population stratification. Such a strategy may facilitate detection of genetic variants with pathological potential in diseased vs control populations. As seen in the set of genes identified as conserved in this study, they tend to partake in specific biological pathways.
CTLA4, a cell receptor involved in T-cell apoptosis and modulation of T-cell activation, 47 is a good candidate for involvement in autoimmune dysfunction. A large body of results sustained by several studies indicates that this gene has a role in susceptibility to autoimmune diseases, 48 a finding which would depict it as a primary target for therapy. It has thus far been associated with an assortment of autoimmune conditions, including type I diabetes, 49 autoimmune thyroid disease, 30 multiple sclerosis 31 and rheumatoid arthritis. 32 Many studies, however, have shown contradictory association results and there is still much debate as to which and to what extent CTLA4 is involved in some of the above conditions. 50 We suggest that the rs231775 SNP, which we have shown to have a highly population-specific distribution in a SNP-by-SNP w 2 differentiation test ( Figure 1, Table 2 ), might be in LD with a nearby disease allele in one population but not in another, therefore masking genuine associations of the gene to the disease in some of the studies. 42 Our results imply that the extreme allele frequency heterogeneity that CTLA4 exhibits across populations may thus act as a confounding factor in association studies due to population stratification, and must be carefully analyzed using adequate genomic control methods. 51, 52 The genomic-conservation axis seems to correlate with a biological-function axis (Figures 2, 5 and 6) , as predicted by our hypothesis. Genes more readily influenced by the environment, turn out in the analyses to be highly diversified. These 'population-specific' genes include immune system molecules, such as immune mediators and repair factors, such as cytokines and APOE, respectively. They have very low interpopulation diversity index values (o0.03), that is, their haplotype frequencies are widely divergent in each of the studied populations, as well as show high F st values. It should be noted that the MHC locus was not considered in the current study due to the very high variability already known to exist in this region among healthy and affected populations. [53] [54] [55] On the other hand, genes with very high interpopulation diversity indices (40.5) seem to be characterized by systemic apoptotic and cleavage functions. They show striking conservation of haplotype frequencies across populations, as well as very nonsignificant P-values of F st measurements. It should be noted that four different complementary methodologies were employed, and each was appropriately adjusted for multiple comparisons, so as to control for type I errors, which might have generated false associations (see Methods for details). In addition, these patterns may not be attributed to differences in population sizes, number of SNPs tested per gene or SNPs' functionality (synonymous, nonsynonymous, intronic SNPs, etc.), as tests we had conducted (data not shown) showed these effects not to be significant; and the latter are thus not expected to cause false categorization of genes into the conservation bins. The highly conserved gene group includes: Cathepsin S (CTSS) 56 an immune system regulator, which has a key role in MHC class II proteolysis; caspase 1 (CASP1) 57,58 -a protease cleaving cytokine precursors; matrix metalloproteinase 9 (MMP9) 59 -a protease suggested to be involved in blood-brain barrier infiltration and CD95 60 -a crucial apoptotic factor of the normal immune system ( Figure 5 ). All the above genes are considered key CGs already known to be involved in some autoimmune conditions. 56, [61] [62] [63] Focusing on these genes as a first step in autoimmune related association studies may facilitate the discovery of true associations under less stringent study design models and more reliable data analysis schemes.
Marker pair-wise D 2 calculations (Figure 3) show an almost identical LD pattern in highly conserved genes, as defined by the F st analysis (for example, the CTSS gene in panel a) while highly diversified genes show a range of LD values throughout the tested populations (for example, the CTLA4 gene in panel b). The D 0 calculations (Figure 4 ) estimated on a gene-by-gene basis, exhibit mostly indistinguishable values for pairs of populations when the entire data set is considered (Figure 4a) . However, once analysis is stratified into interpopulation diversity outlined gene groups (highly diversified, intermediate and highly conserved genes), populations may be distinguished from one another in the highly diversified gene group, but not in the highly conserved gene category (Figure 4b ). We would like to suggest that a genomic analysis of all candidate regions at the same time is unfavorable and may be biased towards misidentification of substructure. However, once analysis is partitioned into gene groups by their biological function, their evolutionary characteristics are embedded into the analysis and a broader scope of comparison is produced. It should be noted that allele frequency differentiation as a whole may also result from genetic drift. Nonetheless, genetic drift leads to random fluctuations in allele frequencies due to random sampling of gametes, which would affect the pattern of variation across the entire genome, having no adaptive consequences. 36 At first glance, our F st results regarding IL-2R and IL-12R subunits seem to contradict our premise regarding evolutionary forces and their interplay in diverse gene categories. In actuality, IL2RB and IL12RB1, which participate in the binding processes of several cytokines, show marked differences in haplotype frequencies across ethnic groups. IL12RB1 acts as a subunit in the receptors of both IL12 and IL23, and once mutated have been shown to cause a partial dysfunction of IFN-G-mediated immunity. 64 In contrast, IL2RA and IL12RB2, which have a single essential binding role, show conservation of haplotype frequencies. In fact, IL2RA is targeted by immunosuppressants for the prevention of acute allograft rejection 65 and treatment for selected autoimmune diseases 66 by specific commercial anti-IL2RA antibodies-basiliximab and daclizumab. IL2RA, which is one of the six highly conserved genes in all our analyses, presents itself as an excellent candidate to be targeted therapeutically in autoimmune diseases.
The approach presented here holds the potential to assist scientists in tracking down associations between genetic features and a broad spectrum of disease phenotypes. Cardiovascular disorders, neurodegenerative conditions, predisposition to various cancers, as well as other disease phenotypes, are notorious as complex disorders involving hundreds of prospective CGs. Only few genuine associations between causative SNPs and disease phenotypes have been established so far, despite the enormous efforts and resources allocated. 67 We believe that focusing research on interpopulation conserved CGs may permit the centering of resources on a more limited number of gene targets that are less prone to the effects of confounding factors, such as population admixture. Any set of well-defined populations whose mutual history has been documented and biologically demonstrated may serve to detect conserved genes. The fact that the tested groups are distinct from one another, yet share common ancestry, allows the identification of a full range of interpopulation diversity profiles in CGs. Moreover, the setting of using inter-related sample groups resembles a situation of stratification within a tested population. Hence, our methodology for CGs prioritization may be incorporated into the design plan of an association research regardless of the specific attributes and limitations characterizing any particular study. This method, however, may not be suitable when population-specific allelic heterogeneity, that is, disease phenotypes prompted by distinct mutations in the same gene, occur. In cases where each mutation is rather prevalent in the tested populations (around 5%), and specifically in diseases with a monogenic pattern of inheritance, as in the MEFV gene causing Familial Mediterranean Fever, 68 the gene may be appointed a rather low priority by our method and its investigation postponed to later stages. In fact, extensive allelic heterogeneity poses difficulties in interpretation for all association detection methodologies, 69 including the TDT. 70 We would like to emphasize that the proposed method suggests a prioritization strategy for CGs according to which population-specific genes, which may harbor significant effects on disease phenotypes (ie APOE and multiple sclerosis progression), should be evaluated separately, while incorporated into the design plan of a genomic controlled association research at a second stage.
In conclusion, we suggest a strategy to prioritizing CGs, such as autoimmune-related genes: analyzing genes, which tend to show high concordance of interpopulation diversity profiles across healthy populations, will reduce the effect of the population substructure and will increase the likelihood of detecting significant associations. Practicing this principle provides also with the advantage of performing fewer tests and thus reducing the impact of multiple testing and the ensuing corrections, which are always ill appropriate with regard to stringency. Disease etiology and drug research should therefore consider each candidate genomic region by its interpopulation diversity index in a few test populations. Once a list of CGs is established, highly conserved genes should be prioritized, sought and examined first in the research plan. Thereafter, CGs showing high diversity across populations should be carefully handled, using genomic control 51, 52 tools and highly homogenous test populations in order to ensure statistical significance and reproducibility of the results.
Methods
Selecting CGs
This study evolved from a pharmacogenetic study of the response to Copaxone s in patients suffering from multiple sclerosis, 71 the most prevalent neurological autoimmune disease affecting young adults. Therefore, genes that have been indicated to be involved in multiple sclerosis etiology 72 were selected, including APOE, In addition, surmising autoimmune diseases exhibit common characteristics and therefore are governed by shared susceptibility loci, we also included genes involved in several mostly cellmediated autoimmune conditions. These include: CTLA4 (reported to be connected to Grave's disease, 30 type I diabetes, 49 
Statistical analysis
For all the analyses, we used the commercially available SAS (version 8) statistical software.
SNP-by-SNP analysis
Analysis of each SNP was tested by a Pearson goodness of fit w 2 test. Rare alleles were tested by a Fisher exact test. An overall test statistic was computed for each pair of populations, by summing the w 2 test-statistics across loci. Significance level was obtained from the w 2 distribution whose number of degrees of freedom was equal to the sum of degrees of freedom for the individual tests (72 in this case). 28 In addition, we tested the null hypotheses that the three individual populations, as well as Israeli Arabs and Jews (pooled together), had identical allele frequencies. Probability values were computed for each locus and correction for multiple comparisons was adjusted by the FDR 29 method. This procedure has been reported to be valid even when some of the SNPs are correlated. 84 F st statistic calculations All natural populations display differences in allele and genotype frequencies from one geographic region to another. The degree to which populations are subdivided can be quantified using Wright's F statistic. The fixation index F st reflects Wahhlund's principle, measuring the reduction in homozygosity in the next generation of a pooled population in comparison to the average frequency of homozygotes in the two unmixed subpopulations. 85 The F st statistic 86 was calculated with ARLEQUIN 2.0, http://lgb.unige.ch/arlequin/.
Haplotype reconstruction Multisite haplotypes were inferred from genotype data using PHASE software version 0.2134, available at www.stats.ox.ac.uk/mathgen/software.html. This software was recently demonstrated to generate reasonably accurate results under a similar setting. 87 Number of iterations, the thinning interval and the burn-in parameters were repeatedly tested to ensure reproducibility and validity of results. The number of haplotypes reconstructed in each population and the number of haplotypes shared among all three populations in each gene are listed in Table 1 . In order to reduce the number of erroneous haplotypes, only those with a minimum probability by site of 0.90 were retained for further analysis. We disregarded singleton haplotypes as well.
Haplotype analysis
For each pair of populations we tested the null hypothesis that the two populations had identical haplotype frequencies. A contingency table was constructed with absolute haplotype (and common haplotype) frequencies for each pair of populations and each locus. Significance was assigned by a test analogous to Fisher's exact test. 88 Rare haplotypes were discarded from the analysis. We also performed a differentiation test for all three ethnicities together. Significance was assigned by a Monte-Carlo approximation to Fisher exact test (100 000 permutations). The P-values for the 22 genes were adjusted by the FDR 29 method.
LD analysis
The D 2 and D 0 were calculated per SNP pair and plotted in each gene using the software GOLD 41 available at www.sph. umich.edu/csg/abecasis/GOLD. The input files include reconstructed haplotypes (as generated by PHASE) for each individual in the three populations studied. Significance was assigned to P-values equal or smaller than 0.0005.
